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CLAIM + DETAILED DESCRIPTION 

[Claim(s)] 

[Claim 1]An optical semiconductor sensor detecting this visible light with current or voltage based on a 
wavelength of visible light which was equipped with a light emitting element which emits light by impressing 
voltage to a joined part of a semiconductor field where conducted types of current differ mutually to a 
forward direction, and was irradiated to said light emitting element from this light emitting element 
[Claim 2]The optical semiconductor sensor according to claim 1 detecting this visible light by current 
produced from this light emitting element based on a wavelength of visible light which was further equipped 
with a source of voltage electrically connected to said light emitting element so that voltage might be 
impressed to said joined part to an opposite direction, and was irradiated to said light emitting element. 
[Claim 3]The optical semiconductor sensor according to claim 1 detecting this visible light with an 
electromotive voltage produced from this light emitting element based on a wavelength of visible light 
irradiated to said light emitting element. 

[Claim 4]The optical semiconductor sensor according to claim 3 which is provided with the following, is 
further provided with an operation amplifier which changes said electromotive voltage into low impedance, 
and outputs it, and is characterized by detecting this visible light with said electromotive voltage outputted 
from said operation amplifier, 

A reversed input which one electrode of said light emitting element was connected to reference voltage, and 
was connected to an electrode of another side of said light emitting element. 
A reversal input and an output which were connected mutually. 

[Claim 5]The optical semiconductor sensor according to claim 4 characterized by this electromotive voltage 
changing to alignment mostly to a wavelength of said visible light when a value of said electromotive voltage 
is one of 10 to 90% of voltage values of a luminescence voltage range or an open output voltage range. 
[Claim 6]The optical semiconductor sensor according to claim 4 or 5 when said electromotive voltage is in 10 
to 90% of range of a luminescence voltage range or an open output voltage range, wherein a rate of change of 
this electromotive voltage to change of a wavelength of said visible light is larger than a case where it is in 
the range with this other electromotive voltage. 

[Claim 7]The optical semiconductor sensor according to any one of claims 1 to 6, wherein said light emitting 
element has a spectral sensitivity characteristic near the spectral-luminous-efficacy characteristic. 
[Claim 8]The optical semiconductor sensor according to any one of claims 1 to 6, wherein said light emitting 
element has the part optical sensitivity which detects a light wave with a wavelength of 500 to 620 nm. 
[Claim 9]The optical semiconductor sensor according to any one of claims 1 to 8, wherein said light emitting 
element is a light emitting element which emits light in yellow light. 

[Claim 10]The optical semiconductor sensor according to claim 9, wherein a semiconductor of said light 

■ 

emitting element consists of material of either InGaAlP, GaAlP or GaP, 

j 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to an optical semiconductor sensor. 
[0002] 
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[Description of the* Prior. Art]In conventional technology, in order to detect the illumination of the light of the 
surrounding environment/a photo-diode or a photo-transistor made from Si (silicon) of unit matter as a 
photo acceptance unit was used. A photo acceptance unit may be used in order to detect the visible light in 
about 400 to about 720^nm wavelength area and to control a device. For example, a photo acceptance unit 
may be used for the LCD monitor used for electric appliances, such as a cellular phone and a mobile 
computer. In this case, when the circumference is bright for man, a photo acceptance unit detects the 
illumination of surrounding visible light, and consumption of a battery is prevented by controlling so that the 
electric appliance itself makes backlight of a liquid crystal dark 

[0003] Drawing 10 is a graph which shows the spectral sensitivity characteristic of Si photo-transistor, the 
spectral-luminous-efficacy characteristic, and the luminescent property of various light sources. The graph a 
shows the spectral sensitivity characteristic of Si photo-transistor, and the graph b shows the spectraH 
luminous-efficacy characteristic. The graph c, d, and e shows the luminescent property at the time of making 
sunlight, a fluorescent light, and incandescence light into a light source, respectively. 

[0004]Each graph is expressed as the relative sensitivity to a wavelength and relative luminescence intensity 
of a light wave. Relative sensitivity and relative luminescence intensity are the ratios of the value of 
sensitivity or luminescence intensity to the maximum of sensitivity or luminescence intensity. 
[0005]The spectraHuminous-efficacy characteristic expresses the sensitivity characteristic over the eye of 
visible light. Usually, in the case of man, light with a wavelength of about 555 nm is the most legible. 
Therefore, the spectraHuminous-efficacy characteristic serves as the maximum in the wavelength of about 
555 nm, and has a spread like the graph b in about 400 to about 720-nm wavelength area of visible light. 
[0006] However, in sunlight, it has luminescence intensity somewhat to an infrared light field, and also has big 
luminescence intensity to an infrared light field in incandescence fight as shown in drawing 10. (Refer to the 
graph c and graph e). 

[0007]The spectral sensitivity characteristic of Si photo-transistor has the highest sensitivity of the light of 
an infrared light field (refer to graph aX That is, Si photo-transistor has comparatively high spectrum 
sensitivity in infrared light to having comparatively low spectrum sensitivity in visible light. 
[0008]therefore — even if the illumination by visible light is comparatively low environment dark for man — 
sunlight — especially, by the infrared light from incandescence light, Si photo-transistor will detect light and 
will react. By it, an electric appliance will cause malfunction. For example/although the circumference is dark 
for man, an electric appliance will make backlight of a liquid crystal dark. That is, in order to make a photo 
acceptance unit react only to the illumination by visible light, the spectral sensitivity characteristic of a photo 
acceptance unit must be close brought with the spectral-luminous-efficacy characteristic. 
[0009] 

[Problem to be solved by the invention]In the former, in order for Si photo-transistor to detect only the 
illumination of visible light correctly, the spectraHuminous-efficacy compensating filter was allocated in the 
outside of Si photo-transistor. A spectral-luminous-efficacy compensating filter brings the spectral 
sensitivity characteristic (graph a) of Si photo-transistor close to the spectraHuminous-efficacy 
characteristic (graph b) by amending the wavelength of the light which enters into Si photo^transistor. 
[00 10] However, there was a problem that the area in which the size of a photo acceptance unit mounts 
increase and a photo acceptance unit to an electric appliance will become large, by using a spectral- 
luminous-efficacy compensating filter. 

[001 1]Since a spectral-luminous-efficacy compensating filter was needed, there was a problem of leading to 
the cost rise of a photo acceptance unit or ah electric appliance. 

[0012]Therefore, the purpose of this invention is to provide the optical semiconductor sensor which does not 
need a spectral-luminous-efficacy compensating filter, but has a near spectral sensitivity characteristic with 
the spectral-luminous-efficacy characteristic. 
[0013] 

[Means for solving problem][ the optical semiconductor sensor by the embodiment according to this 
invention ] It has a light emitting element which emits fight by impressing voltage to the joined part of the 
semiconductor field where the conducted types of current differ mutually to a forward direction, and the 
current or voltage based on a wavelength of the visible light irradiated to said light emitting element from this 
light emitting element detects this visible light 

[0014]It may have further the source of voltage electrically connected to said light emitting element so that 
voltage may be impressed to said joined part to an opposite direction, and the current produced from this 
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light emitting element based on the wavelength of the visible light irradiated to said light emitting element 
may detect this visible light. 

[0015]The electromotive voltage produced from this light emitting element based on the wavelength of the 
visible light irradiated to said light emitting element may detect this visible light. 

[Q016]The reversed input which in this case one electrode of said light emitting element was connected to 
reference voltage, and was connected to the electrode of another side of said light emitting element, It is 
preferred to detect this visible light with said electromotive voltage which has the reversal input and output 
which were connected mutually, was further provided with the operation amplifier which changes said 
electromotive voltage into low impedance, and outputs it, and was outputted from said operation amplifier. 
[001 7]Preferably, when the value of said electromotive voltage is one of 1 0 to 90% of voltage values of a 
luminescence voltage range or an open output voltage range, this electromotive voltage changes to alignment 
mostly to the wavelength of said visible light, 

[00 18] Preferably, when said electromotive voltage is in 10 to 90% of range of a luminescence voltage range or 
an open output voltage range, the rate of change of this electromotive voltage to change of the wavelength 
of said visible light is larger than the case where it is in the range with this other electromotive voltage. 
[001 9] Preferably, said light emitting element has a spectral sensitivity characteristic near the spectral- 
luminous-efficacy characteristic. Said light emitting element has preferably the part optical sensitivity which 
detects a light wave with a wavelength of 500 to 620 nm. 

[00 20] Prefer ably, said light emitting element is a light emitting element which emits light in yellow light. 
Preferably, the semiconductor of said light emitting element consists of material of either InGaAlP, GaAlP or 
GaP. 
[0021] 

[Mode for carrying out the invention] Hereafter, the embodiment by this invention is described with reference 
to Drawings. This embodiment does not limit this invention. 

[Q022] Drawing 1 is a typical circuit diagram of the optical semiconductor sensor 100 by a 1st embodiment 
according to this invention. The optical semiconductor sensor 100 is provided with the light emitting element 
(henceforth LED (Light Emitting Diode)) 10 which emits light by impressing forward voltage to n type and pn 
joined part (not shown) of a p type semiconductor. The optical semiconductor sensor 100 is further provided 
with the anode terminal 20 and the cathode terminal 30. The light emitting element 10 has an anode electrode 
and a cathode electrode, and is electrically connected to the anode terminals 20 and 30 by the bonding wire 
40, respectively. The anode terminal 20 and the cathode terminal 30 are connected to the source 70 of 
voltage. The current detector is formed between the anode terminal 20 and the source 70 of voltage. The 
anode terminal 20 is grounded further. The mold of the light emitting element 10 is carried out with the 
transparent resin 50 in the circumference. 

[0023]Hereafter, operation of the optical semiconductor sensor 100 is explained. Generally, a light emitting 
element emits light, when the electron hole which the electron poured in with the forward voltage impressed 
to the forward direction of pn junction combined with the electron hole, or was poured in with forward voltage 
combines with an electron. That is, the light emitting element 10 emits light by impressing voltage higher than 
the cathode terminal 30 to the anode terminal 20, 

[0024] However, according to this embodiment, the source 70 of voltage is electrically connected to the light 
emitting element 10 so that voltage may be impressed to an opposite direction of pn junction. That is, the 
source 70 of voltage impresses voltage higher than the anode terminal 20 to the cathode terminal 30. Thus, 
according to this embodiment, a depletion layer arises from pn junction with reverse voltage impressed to pn 
junction of the light emitting element 1 0, If light irradiated from the light source 60 to a light emitting element 
enters into this depletion layer, it will generate an electron and an electron hole. By it, 15 flows through inside 
of the optical semiconductor sensor 100 in the direction of an arrow. Therefore, the current detector 80 can 
detect the output current 1 5. 

[0025]Thus, this invention is used as a sensor for detecting light, without making the light emitting element TO 
emit light. 

[0026]Drawing 2 is a graph which shows a spectral sensitivity characteristic and the spectraHuminous- 
efficacy characteristic at the time of using a light emitting element to an optical semiconductor sensor, The 
graph I, the graph II, the graph HI, and the graph IV show a spectral sensitivity characteristic at the time of 
using a light emitting element which emits light in red, **, yellow, and green, respectively to an optical 
semiconductor sensor. The graph b shows the spectraHuminous-efficacy characteristic like drawin g 1 Q. 
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[0027] Red LED (graph I) and orange LED (graph II) are clearly shifted from the spectraHuminous-efficacy 
characteristic as compared with yellow LED (graph HI) or green LED (graph IV). That is, it turns out that the 
light emitting element which shows the spectral sensitivity characteristic nearest to the spectral-luminous- 
efficacy characteristic from dra wing 2 is either yellow LED (graph III) or green LED (graph IV). 
[0028] Next, any of yellow LED or green LED consider whether it is suitable as a light emitting element used 
to an optical semiconductor sensor. 

[0029]D raw ing 3 is the graph which showed the output current 1 5 (short-circuit current Isc) over the 
illumination Ev of the visible light at the time of using green LED to the optical semiconductor sensor 100. . 
[pQ30] Drawmg 4 i s the graph which showed the output current 1 5 (short-circuit current Isc) over the 
illumination Ev of the visible light at the time of using yellow LED to the optical semiconductor sensor 100. 
[0031]Both drawing 3 and drawing 4 express a graph when a fluorescent light is made into a light source with 
a solid line, and express the graph when incandescence light is made into a light source with the dashed line. 
The horizontal axis of drawin g 3 and drawing 4 expresses the illumination Ev of visible light with the unit of 
lux (IxX and the vertical axis of ^ drawing 3 and drawing_4_expresses the short-circuit current Isc from the light 
emitting element 10 with the unit of hanoampere (nA). 

[0032]lt is because light of a light range is comparatively weak to a fluorescent light emitting light only in light 
of a light range mostly having chosen a fluorescent light and incandescence light as a light source as shown 
En drawing 1 Q and incandescence light has a comparatively strong light of an infrared light field. That is, it is 
because a strong wavelength area or an emission spectrum of luminescence intensity is remarkably different 
between a fluorescent light and incandescence light. 

[0033]Thus, by comparing, a graph of the short-circuit current Isc to the illumination Ev of visible light using a 
light source which a wavelength area where luminescence intensity is strong, or an emission spectrum is 
remarkable, and is different shows whether the light emitting element 10 has reacted only by visible light. 
[0034] As shown in drawing 4 , even if an optical semiconductor sensor using yellow LED is a case where a 
fluorescent light and incandescence light are used as a light source, it outputs the almost fixed short-circuit 
current Isc to the illumination Ev of fixed visible light. On the other hand, in an optical semiconductor sensor 
using green LED, as shown in drawing 3 , even if the illumination Ev of visible light is constant, the different 
short-circuit current Isc between a fluorescent light and incandescence light will be outputted. 
[0035]Therefore 1 it turns out that the optical semiconductor sensor which yellow LED used has reacted only 
by visible light mostly. If it puts in another way, it can be said that yellow LED has the small influence by 
which it is affected from the light of an infrared area as compared vyith green LED- Therefore, in order to 
detect the illumination of visible light, it turned out that the yellow LED is suitable rather than green LED. 
[0036] As a material used for the active layer of yellow LED, although there are InGaAlP, GaAlP, GaP, etc., 
InGaAlP with a comparatively large namely, luminescence output and the comparatively large short-circuit 
current Isc is preferred. 

[003 7] Drawing 5 is the graph which showed the collector current Ic to the illumination Ev of the visible light 
in the optical semiconductor sensor which used the conventional Si photo-transistor. The effect of this 
embodiment is explained using drawing 3, drawi ng 4, and drawing 5. 

[0038]For example, when the illumination Ev of visible light is lOOIx, in the conventional optical semiconductor 
sensor, the differences of the collector current Ic between a fluorescent light and incandescence light are 
about 200 nA(s). On the other hand, in the optical semiconductor sensor 100 using yellow LED by this 
embodiment, the differences of the short-circuit current Isc between a fluorescent light and incandescence 
light are about 0.1 nA(s), In the optical semiconductor sensor 100 using green LED by this embodiment, the 
differences of the short-circuit current Isc between a fluoreiscent light and incandescence light are about 0.4 
n A(s). 

[0039]Thus, in the optical semiconductor sensor 100 by this embodiment, the difference of the short-circuit 
current Isc between a fluorescent light and incandescence light is very small. Therefore, the optical 
semiconductor sensor 100 by this embodiment has the small influence by which it is affected from the light 
of an infrared area, and has. reacted only by visible light mostly. That is, the spectral sensitivity characteristic 
of the light emitting element 10 of the optical semiconductor sensor 100 is very close to the spectral- 
luminous-efficacy characteristic. . 

[0040]Therefore, the optical semiconductor sensor 100 does not need a spectral-luminous-efficacy 
compensating filter, but it becomes small, and the area mounted to an electric appliance becomes smaller. 
[0041]Since the optical semiconductor sensor 100 does not need a spectraHuminous'-efficacy compensating 
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filter, the cost of the electric appliance provided with the optical semiconductor sensor 100 or the optical 
semiconductor sensor 100 is made to reduce. 

[0042] Dra wing 6 is a typical circuit diagram of the optical semiconductor sensor 200 by a 2nd embodiment 
according to this invention. The same reference number is given to the same component as the component 
of a 1st embodiment of draw ing 1 . The light emitting element 10 in this embodiment as well as a 1st 
embodiment is yellow LED which has a near spectral sensitivity characteristic with the spectraHuminous- 
efficacy characteristic. Although the material of the active layer of the yellow LED has InGaAlP, GaAlP, GaP, 
etc., its InGaAlP with a comparatively large namely, luminescence output and the comparatively large short- 
circuit current Isc is preferred. 

[0043]The optica! semiconductor sensor 200 is further provided with the voltage follower circuit 210 which 
carries out impedance conversion of the input from the cathode electrode 30 of the light emitting element 10, 
and outputs it. 

[0044]The voltage follower circuit 210 has operation amplifiers, such as CMOS OPEAMPU 215 r for example. 
It is connected to the inversed input terminal 250 of CMOS OPEAMPU 215, and the negative return of the 
output 240 of CMOS OPEAMPU 215 is carried out. The inversed input terminal 250 of CMOS OPEAMPU 21 5 
is not grounded, and resistance is not provided between the output 240 and the inversed input terminal 250. 
Therefore, the voltage VI of the non-inversed input terminal 260 of CMOS OPEAMPU 215 is outputted from 
the output 240, without being amplified. 

[0045]The source 230 of voltage is connected to CMOS OPEAMPU 215, and the voltage detector 220 is 
connected to the output 240 of CMOS OPEAMPU 215. 

[0046]In the voltage follower circuit 210, the input impedance of the non-inversed input terminal 260 is very 
high, and, on the other hand, the output impedance of the output 240 is very low. That, is, the voltage follower 
circuit 210 is used for impedance conversion. 

[0047]The anode electrode 20 of the light emitting element 10 is grounded as reference voltage in the 
ground. That is, the light emitting element 10 is an opened condition to which voltage is not impressed. 
[0048] Hereafter, operation of the optical semiconductor sensor 200 is explained. 

[0049]When the light from the light source 60 enters light emitting element 10 via the transparent resin 50, 
the electromotive voltage VOC arises in the light emitting element 10 of an opened condition. After the 
electromotive voltage VOC is inputted into the high non-inversed input terminal 260 of input impedance and 
impedance conversion is carried out to low impedance by the voltage follower circuit 210, it is outputted from 
the output 240 with the electromotive voltage VOC. The voltage detector 220 detects the electromotive 
voltage VOC from this output 240. 

[00 50] Drawing 7 is the graph which showed the electromotive voltage VOC to the illumination Ev of the 
visible light in the optical semiconductor sensor 200 by this embodiment. A graph when a fluorescent light is 
made into a light source is denoted by a solid line, and the graph when incandescence light is made into a 
light source is denoted by the dashed line. A horizontal axis expresses the illumination Ev of visible light with 
the unit of lux (Ix), and the vertical axis expresses the electromotive voltage Voc from the light emitting 
element 10 with the unit of bolt (V). 

[0051]Draw]ng 8 is the graph which showed the electromotive voltage Voc to the illumination Ev of the visible 
light at the time of replacing with yellow LED and using green LED to the optical semiconductor sensor 200. 
Since the horizontal axis and the vertical axis are the same as that of drawing 7, explanation is omitted. 
£0052jAs compared with drawing 7 and drawing 8 , the yellow LED of the difference of the electromotive 
voltage Voc between a fluorescent light arid incandescence light is smaller than green LED. That is, the 
spectral sensitivity characteristic of the optical semiconductor sensor 200 using yellow LED is closer to the 
spectraHuminous-efficacy characteristic than the spectral sensitivity characteristic of the optical 
semiconductor sensor 200 using green LED. Therefore, also in this embodiment, it turns out that it is more 
desirable to use yellow LED as the fight emitting element 10 rather than green LED. 

[0053]The spectral sensitivity characteristic of the optical semiconductor sensor 200 by this embodiment is 
closer to the spectraHuminous-efficacy characteristic than the spectral sensitivity characteristic of the 
conventional Si photo— transistor. Therefore, the optical semiconductor sensor 200 by this embodiment has 
an effect equivalent to the optical semiconductor sensor 100 by a 1st embodiment. 

[0054] Drawing 9 is the graph which showed the electromotive voltage Voc to the illumination Ev of the visible 
light in the optical semiconductor sensor 200 using yellow LED like drawing 7 . The further effect of the 
optical semiconductor sensor 200 by this embodiment is explained using drawing 9. 
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[0055] Generally, LED emits light with the forward voltage of the predetermined range. When LED emits light, 
leKthe range of the voltage which forward voltage can take be a luminescence voltage range. On the other 
hand, when the same LED is irradiated with visible light, LED outputs the electromotive voltage Voc. Let the 
range which the electromotive voltage Voc can take be an open output voltage range. Usually, the width of a 
luminescence voltage range and the width of an open output voltage range are almost equal. 
[0056]For example, yellow LED used for this embodiment has a luminescence voltage range about 1.0 v wide. 
Therefore, when visible light is irradiated, yellow LED has an open output voltage range about i.O v wide. 
Here, the actual electromotive voitage Voc can take about 0.5 to about 1.5-y open output voltage range 
because the offset voltage of CMOS OPEAMPU 215 is about 0.5 v. That is, when the surrounding 
environment is dark enough, the electromotive voltage Voc is about 0.5 v, and when the surrounding 
environment is bright enough, the electromotive voltage Voc is about 1.5 v. 

[0057]According to this embodiment, in the range from about 10% to a luminescence voltage range or about 
90% of open output voltage ranges, inclination of an electromotive voltage Voc graph is comparatively large. 
That is, the change of the electromotive voltage Voc to change of the illumination Ev of visible light is large. 
This means that the optical semiconductor sensor 200 by this embodiment can detect the illumination Ev 
with high precision. 

[0058]The illumination Ev changes to alignment from about 100 lx(es) before about 600 Ix from about 600 Ix 
before about 1000 Ix and from about 1500 lx(es) before about 100000 Ix, Therefore, the exact illumination Ev 
may be simply drawn to the value of a certain electromotive voltage Voc. 

[0059]Therefore, the optical semiconductor sensor 200 by this embodiment can detect the illumination Ev 
with high precision and correctly in the range from about 10% to a luminescence voltage range or about 90% 

■ 

of open output voltage ranges. 

[0060]When the illumination Ev is below 100 Ix, the accuracy of detection of incidence light falls. However, 
each place in every day and the illumination Ev of Lighting Sub-Division in each activity are usually below 100 
or more Ix and about 100000 Ix. Therefore, the illumination Ev can call the illumination field which changes to 
alignment an illumination field suitable for a life of man. 

[0061]ln this embodiment, the voltage follower circuit 210 may really be formed in one chip with the 
component of others by which the mold is carried out with the light emitting element 10 or the transparent 
resin 50. Further, an optical semiconductor sensor is miniaturized by it and the cost falls by it. 
[0062] 

[Effect of the Invention] Since the optical semiconductor sensor according to this invention has a near 
spectral sensitivity characteristic with the spectral-luminous-efficacy characteristic by using a light emitting 
element as a photo acceptance unit; it does not need a spectraMuminous-efficacy compensating filter. 
Therefore, according to the optical semiconductor sensor according to this invention, a spectraHuminous- 
efficacy compensating filter is not needed^ but it becomes small, and the area mounted to an electric 
appliance becomes smaller. 

[0063]Since a spectraHuminous-efficacy compensating filter is not needed according to the optical 
semiconductor sensor according to this invention, the cost of the electric appliance provided with the optical 
semiconductor sensor or the optical semiconductor sensor is made to reduce. 

1 

[Translation done.] 
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[0024] U&>U *^afc<oj^SSfc cfcttif. «EK7 

o{4p n^coaarffij^^E^ Epjtrf-^ i d (cuaoR?- 
i oic«si«fcSsrejjvcv*4. aufe, m£E^7 0(4^ 

V- HSSTF 3 0 fcr y- kss^ 1 2 0 i 0 i>M^mE.$:W 

5t3et4i <K'£ZM\zJMt'h t m^ts £UlE7l£mL% 
i£&„ Wi-sT, 3te^*-teyiM OOF^I^l 5^' 

m 1 5 s i t 3&«t# § . 

[0025] i04 d fc, *5gHgt±. 1 0 £H 

[ 0 0 2 6 ] 02(4. ^3t#^&^¥»*-fey^^fflV^ 

(4. <e*i-e*i#. jftJit/atfe^jfeMs^s^a^ai^ 
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[0027] fJ^feLED (/57 I ) HXVm&L&D 
(7^-711) l±. SfeLED (^7111) £;fc(±j&fe 

led (fyyiv) t tmLx m^izwmm^m^ 

iWiSfiLED (^57IV) <^VYf*t*»T*.&C:fc* 1 
[0 0 2 8] f^LEDgfcfcMS-feLEDcTHYf 

[0 0 29] SfeLED^i*-fe/tlO 

[0 0 30] H4ti. ffeLED^f#ityf 1 0 

(^&m^isc) BU^ytfei.. 

[0 0 3 1 ] EI3tJj:l/H4ti s fcfcfc, 

t^eyfyy^wMx-mL-x^z,* ±tz. m3axx/m 

L„ H3£J:t^4^*iHttl±3BE*? 1 0^^><7)M*&« 

mmmm<m\-y&mm^ye^im&m^^x% & . 

[0033] £<9 «fc 3 fcSbteSftfiE^v^ife^fBtei Jttt 

^7^? h/wmL<m%&%M$:m^x-%wf£<7>m. 
•5, mym^-i oimwtnfrtizx-yxmibi'X^&fr 

[ 0 0 3 4 ] 124 iC^-T «t a HfiLEDfcfflVVt^ 

m&X'h~yXi>. ~5E<mmt<m$m.v<izft^x , fier 
— ^<o®f&msnsc*aj^-s. -rtu-MU 03^ 

[ 0 0 3 5 ] HfiJLEDfflV^3l£¥^f*:*>"9-ti 

ms^W£<n?*izJ:-oX%J&LX\ l ->&Z\bti i ±>fr&. M 

[0036] m^mffi&Btzmmzti&ttmt lx 

d InGaAlP. GaAlP„ GaP^£> £ 5&3£ffi7J3& s Jt« 



a^#V\ IU*>. ^S^Isc#Jttg&£fc£VMnGaAlP#* 
[0037] H5{i. Sk^Si:?* h h7>-i7X?£J3 
Is? ?m^.lc£9r:L£:^7Xfo& „ 03. 04£i;# 

®5 *m^x^m<riffim<^&*wm-& . 

[0038] 0>ix{f , «r^«ORl^Ev*i'1001x<?3fc £ 

fc 0)|BKcii tt S 3 9 ^«^Ic<7>ilt±$f|200nATfe 5 . 
£;fl.fc#fU ^MfitO^t-^-S^fiLEDSrmv^fe^ 

##c-te >--+?- 1 oofcifevvttt, ^^TteafejErfcc^Sfe: 

fcttS^^IsctOMtt^O.lnA-r'^i,. #HHI50>J8S8 

s&0.4nA-Cfe-£>, 
[0039] itfDi 7 afsmt^HRfcrj: £»Sfk 
-fe >"■»?" 1 0 OtCiSlvCfi, ibBT fc SSfefcT f; cristas ft 

mmizx&ft^mib-ty^-i 0011 *?RKia«<^3b&» 

[0040] #^T. 3K2N|[*-fe 1 OOil W&& 

[004 1] £fz, 1 0 Oli. SmKffi 

IE7 OVf^&Wt L^rV^T*. 3t^#:-try^l 0 0 

^mm^>^r i o o sfiiifc^jasswax h 

[ 0 0 4 2 ] H6ii. ^Wm%-o£zm2<7)'0m<r>&m 
iz X 1 >t200 offcSWEIBH'C* 4 . 

rnmizk ^m^^mms&z^-t&M&LEDxfo 

&. ^<OHf&LED<DSH4ii<!0*HEKi. InGaAlP. GaAl 

P s GaP****** 4 . ssm&#Jt«w*#iv BP*>. JB 

*MSSElsc!6<JtiSB<t*;§ ^InGaAlP*W4 LV^ S 
[0043] ^ift-b7t2 0 0l±, 0<50 

ajSrtSjKA^f— y*nv[@lSS2 l OSS^fcflli*. 
[0044] WWr— S^"*a 1 7IlIS&2 1 Oli. Will 
CMC6^TV7°2 l 5=5ri^<0i»J|:ifWB»&*^-6. cmos 

^T>7°2 1 5c?)tt5±(2 4 0(4, CM0S^Ty7°2 1 
5ORKA7J^2 5 0t^^S^ fiJffiBSfLTV^ 

^ 6 cMos^-^.r>-7°2 1 5coKmxtim i f2 5 oimm 

ZtlX&h-f. ^offi7J24 0tRKA±l^2 5 0i; 

(^immwwtn^ftx^^, ob^t 

>-7°2 1 5 eymOfchlsSBF? 2 6 Oc^mj±V 1 1±. J*« 
§ tt^ i t =Sr < ffiTJ 2 4 0 *^ . 
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[0045] CMOS^-^T >y° 2 1 5 ti41tBI2 3 
0^'#M$tL. CM0S^T>-T2 1 5cOtfcFj2 4 0£i4 
«ffi#tffit§2 2 0#jfi«$;fVCUS. 

[0046] 4ft.. tfA'f-— S^oVEH^ 10tl5^ 

[0047] SBteaR^i ootv— KiH£2 0ij3£9tt 

0i4. mE* s E|3jD§fLTV^V^^^ffiT'^^, 
[0048] £TF. 7t*#f*-fe^2 0 0^»J^^f^ 

[ o o 4 9 ] 6 o frt>c?)ifci>mmmm soz-frtx 

3&m^- 1 0 Alt Ltz k $ fc , IBBtRSBWlfiJ^? 1 0 
trjeSEEVOCj^^tS. i@«flEVOCJ4. A^J^^f 
-^VXOaV^^ffiA*^ 2 6 0 £A#£*U 

>-b°— yy*m&$tifc&. tail 2 4 o 3&»&jBXEEvo 

c *n£Etftaj» 220 tmrn-tz . 
[ o o 5 o ] 07*4. ^mm&mmiz x 
-9-20 otistts »rffi3bz«aeEvt;^5ia«BEvoc 

dx) cotmvnL. mmmmm^i o^^commm 
vocfrtfjvh (v) comzTmLx^§>. 

[0 0 5 1] H8{4. ITfeLEDtft^-T^feLED^ 
ft^SWMr >f2 0 0MV^ ft *§^^»omKEv (c 

$4540 7 1 i^trc* s <r>x*mw*m-t& „ 

[0 0 52] 074sJrtfB8fctt!W*i:, i£5E*Tk& 

*fflv^fc3K i fmi*-b>^-2 0 0c0^3t^#l4i "9 
4 L u «r k . 

[0053] ^mmrmwz x -s»^#*-fe yt2oo 
ntct s* a fm6*-fe>-^2 o oi4. an i (Dmtmmmz 

i £3fc¥gs*-te ytlOOi <& . 

[0 0 54] 129 H7fcB«fc1SfiLEDfcJB^fc: 
iB«EVoc*^Lte^7"CJ5*. H9$-ffl^T*^IM 

Birrs. 



[0055] — JKfc. LEDJ4. F^OKH<?DlISEEt i 

tf&Mfrt § . LED#*5B&$-& k # KJH«EB?)fl5l K> 
mE^H^^mjEteHk-r-So — STT*. |r] tLEDtc: 
»Ht5fc£8BSt Lfti§llr«4. LED«S*£EVoc£ UJ 

[0056] Hit*. *^co?^Jgifc:fflv^ixSSSfeL 

^m^mJ±tgffl&5X0#.5Wi4. CM0S^T>-r2 1 5 
i0^-7-fe>y h«ffi^0.5#A^ft*#>iS>T*.&. HP*>. 

[0057] *Htft«0?K®t i*L«f. 3BfcmJ±iEH4ft 
^^^fKSEv0^ktm--&^«ffiVoc0^k^'A# 

/ABssEv&ftWjK-c^m-f-^ <r k ^-r-t ^ i k * stt-r 

[0 0 58] HlffiEvii. I91001x^^||}e00 1x4 

T<50ra. *?7600 lx*»6*«7l000 lxiTOtS, iiJ:l^*&150 

01 x*^ ^ S^IOOOOO 1 x4 X'coffllzis v ^TSy^fc:35fW4 . 

ts!^T. h&mw&voccomizmLXAEWftmgzvtfffi 
mzm&2ti%& . 

[0059] ISoT. *«£0» J;-g.^¥##:-fe>' 

olEffi^aif S i k *pX*% h . 

[0060] ffl&EvmC0 lx£TF«*^tli, AW 

h x t*frg» tfe ft s mwcrmmv moo 1 xia 

[0061] 2^Ufeco3^3StefeViT. *r;t"r— ^*nt7 

me 2 1 0*4. ?&3fe3^1 0^BJtfli5 0 Wott 
— ;PK^fLTv>4^-<7)faic^|gj^®Sk k fc(:io«f7 

[0062] 
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[00 63] ttc, *38flBtfi!ofc*3pSWfe-fe> > 9-fe:J: 

*-fevtioo cost* wehhsi. 
[02] mem^yem^y^mufzm^co^m 

c) £-7KL7t^ :7 7, 
[04 3 ffeLED^4^ft*yfl 0 O-^ffllVfc* 

•^■^a3B^{!a!SEvfc*rr&aj*«a[i 5 (M*g«^is 

c) ^Vfz^yy. 

[05] ffi**OSi 7 * t- h^^^^S-fflV^^^i* 

[06 3 *sKa^ofc»2<^aboMtcJ:** i f s » 

[073 #^*feOJ$gfc i ■£> X&mik^ >t200 
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[09 3 Tfc^frte yif 2 0 0 tefctt* "TStt^JHSEv 
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mmym^mi3<7>mmizmm%tiK:3mmxj3 1 . 



immnmm&frb&xistiKmimn&tzj: vtmm 

RlJW&&WcO10%frt>90%comEMlz$>&t%lz^ m 

mmsimtmwt^mzn l x immm izmt-tz 

i 5 o o;\/7 xh<offl<?)$m< t z$3UXWiicoM%'Z°m\: 

"9-. 
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com^zn-thmsm&comm^^z t *m®ib 
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m i *» htmm 9 <r>\ ^•mmzimeo^m^y^r. 
2 izmn^m^m^ 

[«jE#f«JS&&J 0 0 14 
[HIDE**] 

[0014] 1«3Biam±. HaK&tftiU-rs. USSK 
[¥M«IE3] 

[«IEM^3ia=&] 00 17 
[ffiTE^] SEE 
[SjEF*!^] 

[ooniffiKti mmmmcomftmtm&m 

ffil 0 OfUfXbftjl 5 0 OfUPXk&fgmmSlztiM 

xm 1 o«# ?5&f 1 1 , Baft** 1 5 0 0 x ft 1 

0 0 0 0 0;^Xi;e7)^®lItC*3V, 1 >Ti±m2£Offi§T' 

C*EB*R«B*] 0 020 
[flEEftW] 

imEmtmmz,} 003 6 

MiEl*!^] 

[0036] n-m^mm^M^^ti^ttmb LX 

(i, IriGaAlP s GaPW&S**, SS#iti:*JjWfc®&W;# 
V\ «H5». ^«SElscA*JtlRa*C*:*V^nGaAlP3&«»S L 

[¥«ffltIE6] 



[«EW«*a*] 0 04 2 

[0042] H6i3. ^ fcis 2 o mmnmm. 

lz J; 5 3t¥3WM= y-tf 2 0 0 (OfcsWMSBTfc § . 

j^. ia i (JoisiosiM^ffi^^^i; po tm &mm 

So -e^-&LEDC0SttSiOM«i. InGaAlP. GaP^ 

cWifcWttk^ V 4nGaAlP^f i t W 
[^MffiE7] 

[SiEM^JflS^] 0 04 9 

[o 049] ytme ofr&coyt&imimms o&it-Lx 

Wm^l OAfitLfcfcfcfc, gS;feft^l£»?l o 
lc3B*BEVoctf«£tS. jSSEVocte. A^^f^f-^ 

>>"*ot7Iiig&2 1 0tJ;oTlS-Y>'b°-^X^^yb ,> 
[*WEE8] 

[«iEM^«fi^] mmm 
imjmmmu&i o o so 

[ffiKrS] 

[ffi]B*3§] 

(lx) 03JWfirc*U 1 o*^o@mffi 

voc^^vh (V) cr>MM&X"mLX^&<, 

[*^ffliE9] 
[«3EM^«S*] HJiBW 
[fflIE*f*Ilg^] 00 5 5 

[MjE^] 

[0055] — LEDti. BffSOlKHtfOJiISBEfci 

"T^SrTOLfc^til. LEDtijeSffVoc^ffi*^- 
jBS£EVoctfD]R»3#*tEHSII!Jfcaj*«£E«iak-r 
S. 31», ^«J±(Effl<0(ii:|igKcai7JSEtSH^ifgi: 
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